Over the cancer disease trajectory, from diagnosis and treatment to remission or end of life, patients and their families face difficult decisions. The provision of information and support when most relevant can optimize cancer decision making and coping. An interactive health communication system (IHCS) offers the potential to bridge the communication gaps that occur among patients, family, and clinicians and to empower each to actively engage in cancer care and shared decision making. This is a report of the authors' experience (with a discussion of relevant literature) in developing and testing a Web-based IHCS-the Comprehensive Health Enhancement Support System (CHESS)-for patients with advanced lung cancer and their family caregivers. CHESS provides information, communication, and coaching resources as well as a symptom tracking system that reports health status to the clinical team. Development of an IHCS includes a needs assessment of the target audience and applied theory informed by continued stakeholder involvement in early testing. Critical issues of IHCS implementation include 1) need for interventions that accommodate a variety of format preferences and technology comfort ranges; 2) IHCS user training, 3) clinician investment in IHCS promotion, and 4) IHCS integration with existing medical systems. In creating such comprehensive systems, development strategies need to be grounded in population needs with appropriate use of technology that serves the target users, including the patient/family, clinical team, and health care organization. Implementation strategies should address timing, personnel, and environmental factors to facilitate continued use and benefit from IHCS.
A n interactive health communication system (IHCS) offers one platform for providing the information, communication, and coaching resources that cancer patients and their families need to understand the disease, find support, and develop deci-sion-making and coping skills. One such IHCS-the Comprehensive Health Enhancement Support System (CHESS)-has evolved over the past 20 years. Based on our recent experience creating and testing a new version of CHESS-"Coping with Lung Cancer: A Network of Support"-this article outlines the issues faced in developing and implementing such a system within the cancer context.
THE IMPACT OF CANCER
A cancer diagnosis brings about an abrupt transition into a new world orbiting around cancer. 1 A new language is learned; a new identity as a patient is established; complicated treatment decisions are presented; schedules are restructured around treatments and scans; and physical, emotional, and spiritual challenges emerge. With a large care team of multiple physicians (i.e., oncologists, surgeons, and radiologists), nurses, physician assistants, lab technicians, social workers, and other professionals, one may not know where to turn, and the coordination of care may be overwhelming. Patients may also need to navigate the complexities of finding and making sense of second opinions, clinical trials, and insurance coverage. For the healthy person, the health care system can be daunting. For someone facing a life-threatening illness such as cancer, it can feel like a tidal wave washing you out to sea.
Although patients may feel alone in their experience, this cancer "tidal wave" also breaks over their social networks, most significantly affecting those closest to them and then rippling out through concentric social circles. Shorter stays within acute treatment settings have required that cancer patients be sent home with greater responsibility to manage their own complicated treatment and care needs, including activities requiring a high degree of technical skill. 2 Many patients rely on family and friends to assist with these home health care needs. Caregiving responsibilities include monitoring symptoms, dealing with unpleasant side effects, and providing emotional and instrumental support. Caregivers also play an important role in making decisions 3, 4 and gathering and sharing information, and caregivers influence the cancer patient's ability to respond to and cope with the stress of living with the disease, its treatment, and progression. 5
DECISION MAKING IN CANCER
Throughout the cancer trajectory, including diagnosis, treatment, remission, and end of life, patients and caregivers face numerous dynamic needs and difficult decisions. 6, 7 The health care system has shifted its focus from an authoritative/paternal model to a collaborative/consumer model, requiring people to become more fully engaged in their own care decisions, 8, 9 often over a short time span. Shortly after diagnosis, patients may be required to make significant treatment decisions. Later, difficult choices include whether to continue curative treatments or focus on palliative care and, if the latter is chosen, which palliative options are most appropriate. The shift from clinician decision making to supporting patient choice means greater personal responsibility for patients who need to become active and informed in the pursuit of their personal well-being and quality of life. 10 Information management can be a key factor in understanding the cancer diagnosis, making treatment decisions, and predicting the prognosis to better plan for future events. [11] [12] [13] For people facing cancer, access to information can promote self-care, participation, and a sense of control; it can also facilitate the overall process of decision making and lead to improved mood and quality of life. 14 However, information alone is not sufficient to direct health behaviors and decisions. 10 Health care decisions, particularly in life-threatening illness, should result from a collaborative, fully informed decision-making process resulting from effective communication among the patient, family, and clinical team. 15, 16 Patients and family members often have vast differences in opinion regarding preferences for treatment decisions and care, 17, 18 which can create tension in their relationship and impair decision making and care planning. 19 Services that facilitate family communication and improve patients' and family members' satisfaction with treatment decisions, particularly in life-threatening situations, are greatly needed. To generate a fully engaged team, people need the right information at the right time as well as support to effectively use that information. 10 Useful information needs to be an integral part of health care delivery; patients and caregivers need to confidently share decision making with the clinician, and communication needs to be central to patient care. Accordingly, facilitating the exchange of information and support between the patient, caregiver, and clinician-not just directing interventions to the patient-is critical to generating positive health outcomes. [20] [21] [22] [23] 
ROLE OF AN IHCS
Interactive health communication systems hold the potential to help patients navigate the cancer crisis. As patients assume an increasingly active role in their own health care, health care organizations will rely on computer technologies to extend traditional health services-such as health promotion, disease management, and decision support and educationdirectly to patients and caregivers. 24, 25 As one such technology, IHCS provides a conduit for information and communication exchange. Given the interdependence of the patients' and family caregivers' experiences, 26 systems that provide information, support, and skills training for this dyad (not just the patient) may best facilitate coping with the physical and psychosocial sequelae of illness, collaborative decision making, and communication with the health care team. [20] [21] [22] [23] In turn, such a system could foster positive outcomes including quality of life, disease course, psychological adjustment, and survival. [27] [28] [29] [30] [31] The IHCS delivers potentially beneficial services via 3 primary channels. 32 First, IHCSs provide ready and organized access to information. Second, IHCSs link people together as a channel for communication and support. Third, IHCSs act as an interactive coach, wherein the system gathers information from the user, applies algorithms or decision rules, and provides relevant feedback or prompts.
Information
Health information can empower people to make decisions about their health and to talk with their clinicians. 14 IHCSs can offer a wealth of potential information resources. Patients and caregivers have been documented to use the Internet to find second opinions, seek experiential information from other patients, interpret symptoms, and seek information about tests and treatments. 33 Patients also use the Internet to check their doctors' advice covertly and to develop expertise in their cancer. By becoming more informed about the disease and treatments, patients and caregivers may have increased confidence, ask providers fewer, more informed questions, manage their disease more effectively, and even monitor and intervene to improve the quality of their own care, all facilitating a partnership with the clinical team. 14 Yet despite these potential positive aspects of accessing health information, to some the information is overwhelming, increases awareness of conflicting cancer information, and can raise doubt about the right course of cancer treatment. 14
Communication
IHCSs provide both a conduit for remote communication and a means to educate patients and caregivers on communication tactics to use in clinical encounters. Many people use the Internet to connect with others facing similar circumstances, 33 to share information, personal experiences and opinions, encouragement, and support. 14 Web sites also provide a mechanism to enhance communication with one's existing social network (e.g., www.caringbridge.org). An IHCS could similarly adapt this technology or serve as a portal to existing services, helping users elicit emotional and instrumental support. An IHCS could also provide a direct communication link to the clinical team, allowing patients and caregivers to provide updates and post questions regarding a patient's status. Furthermore, these systems can instruct users in which questions to ask clinicians in a variety of clinical situations; this, in turn, could facilitate the patient/caregiver/clinician communication exchange. By promoting awareness, monitoring, and communication exchange, an IHCS can provide patients and caregivers a greater sense of control over the cancer experience and enhance their engagement as partners in their health care and decision making.
Coaching
The field of health informatics has experienced rapid growth in the development and study of health decision aids, coaching tools designed to facilitate patient involvement in informed health decisions. 34 Treatment decision aids are designed to provide individuals with information about their condition and the probable outcomes of different treatment courses, to improve understanding of which outcomes are of the greatest personal importance, and then to facilitate decision making consistent with personal values and preferences. 35 Accordingly, most decision aids focus attention on the decisionmaking process, the target outcome of which is to teach users how to select a decision option.
However, numerous challenges may present themselves when implementing a decision, at times making this part of the decision process just as difficult, or even more so, than the decision making. Decisions with foreseeable consequences may require physical, mental, and practical preparation. Communicating one's decision may also be difficult, particularly if one's decision conflicts with family or other preferences. Furthermore, acting on a decision generates additional feedback for evaluating the decision's quality. By only addressing the initial decision-making process, decision aids miss the opportunity to facilitate patient behaviors consistent with their decision preference.
Advantages of Electronic Delivery Mechanisms
IHCSs can disseminate information resources, social support, and skills training more widely and at lower cost than in-person or one-on-one delivery modalities. Whereas one-on-one interventions can be time-consuming, expensive, and difficult for the patient or caregiver to attend, 36, 37 Internet-based interventions can break these barriers, offering timely, tailored information on demand at the convenience, location, speed, depth, and level of privacy the user prefers. Such systems can also connect people to remote others for support and information that otherwise would not be available. Furthermore, IHCSs can facilitate a team care approach drawing together multiple disciplines in one forum, with continuity across the disease trajectory. Although these applications can operate through a variety of mechanisms (e.g., telephones, PDAs, personal computers, public kiosks), this article highlights an Internet-based computer system. The World Wide Web has had one of the fastest adoption rates of any innovation in history, 8 and Eysenbach 14 has challenged the field to develop and critically evaluate IHCSs that can maximize the positive effect of the Internet and to leverage such technology for patients who want it, without disadvantaging those with different preferences.
DEVELOPMENT AND DESIGN OF AN IHCS

Theoretical Foundation
Kinsella and colleagues 38 and others have called for a theory-based approach to designing and evaluating IHCSs. Self-determination theory (SDT) provides additional understanding of how an IHCS benefits patients and caregivers. SDT asserts that fulfillment of the fundamental psychological needs of competence (self-efficacy), autonomy (sense of choice or volition), and relatedness (sense of connection/belonging) 39 is essential to promote optimal functioning, health, and personal well-being. 39,40. Social contexts supportive of the needs for competence, autonomy, and relatedness have been associated with positive mood, maintained health behavior change, and better mental health. 39 IHCS interventions that leverage similar characteristics may likewise facilitate cancer coping. As patients/caregivers develop 1) competence in information gathering, decision making, and coping behaviors, 2) the autonomy that comes with regaining a sense of control over their lives, and 3) social support systems (relatedness) for sharing their cancer experience, they will adopt or maintain coping behaviors that are in their best interests and their quality of life will improve. 41 In turn, improvements in quality of life can improve patient outcomes.
Needs Assessment
Beyond a theoretical foundation, building a successful IHCS requires meeting the consumer's needs.
To understand how to best provide care and services to patients and caregivers, we must understand the entire universe of their care delivery, information, and support needs. Needs assessment allows researchers to directly assess the perceived needs of a specific group of people (patients, caregivers, etc.), so that the allocation of resources can be prioritized to improve quality of service. Individual interviews, focus groups, and surveys are examples of methods for assessing needs, wherein a representative sample of consumers are asked questions that they are uniquely qualified to answer, focusing on examination of their personal experience, rather than postulating solutions. The critical incident technique (CIT) is one example of an interview strategy. 42 Rather than ask directly what the individual needs, CIT asks consumers to think about specific events in their life relevant to the issue in question (e.g., cancer). For each event, they describe critical incidents that come to mind (fears, frustrations, uncertainties, barriers, bad surprises, difficulties). These specific encounters illuminate specific needs, themes, and categories. By delving into the consumer's mind, the researchers identify situations, barriers, and problems that people face in confronting and coping with a given situation, and then researchers draw from their technical expertise to develop creative solutions for what is not currently available.
Selecting target groups for needs assessments requires several critical considerations. Foremost is deciding who is the appropriate target audience for the assessment. For example, in developing a system that would be helpful across the cancer continuum from diagnosis into caregiver bereavement, it is beneficial to include current patients and caregivers as well as cancer survivors and bereaved caregivers who could offer immediate and prospective as well as retrospective reports illustrating their needs. Similarly, the timing of survey administration in relation to the disease course needs to be carefully considered: for example, newly diagnosed versus posttreatment patients. Furthermore, the needs assessment sample should represent the target audience on important characteristics including age, sex, education, disease stage and diagnostic status, and level of experience with using the proposed technology. An additional key consideration is the extent to which recruiting for needs assessment is affected by the phenomenon that those with the greatest needs may be less likely to make time for an interview or complete a questionnaire because of limited resources and the assessment burden.
IHCS Prototype and Evaluation
Once IHCS services are selected and initially designed to address the target users' needs, paper prototyping 43, 44 is an efficient means of system usability testing to ensure effective navigation of the IHCS interface. For this process, paper mock-ups of online functionality, content, and layout are created without visual aesthetics such as graphics or design features. Prototyping involves guiding potential users through the page mock-ups depicting how the actual Web site would be viewed, with a series of predetermined activities addressing the developers' questions. Interactions with the page sheets as well as any verbal reactions are noted. In addition to prepared interview questions, the interviewer follows up on any unexpected interactions for further insight. Alterations suggested through one user's experience are easily made and then presented to the next paper prototype subject as an alternative solution. The testing of multiple renditions of specific features without delays of programming time facilitates rapid cycling of modifications. However, paper prototyping is limited in the interactive functionalities that can be meaningfully translated. Furthermore, the small number of prototype users typically involved (5-10 people for a specific function) raises concern regarding the sample's representation of the larger target audience and the appropriateness of design decisions based on such a small sample. To ameliorate these concerns, a sample selection that represents the target audience's diversity is needed, and a more diverse target audience may require larger prototype samples.
IMPLEMENTATION OF AN IHCS
Developing a tool that will be useful to those facing a health crisis is only the first step. An essential next step is identifying the prospective users and connecting them with the IHCS. Implementation of any intervention within a health care organization is always fraught with challenges. However, a unique challenge with implementing an IHCS stems from the fact that patients, rather than the organization (e.g., hospital, insurer) or its members (e.g., clinicians), are the intended users and key adopters. 24 This is even more complicated when the IHCS aims to target not the organization's primary consumer, the patient, but rather a remote benefactor, the caregiver. However, to best address the patient-caregiver-clinician team, reaching this complex target audience within the health care organization is essential.
Successful implementation also requires incorporating the IHCS into the clinical care system. Clinicians are often the mediator between the health care organization offering an IHCS and the patients and caregivers targeted by a system. Therefore, organizations adopting an IHCS must attend to the needs of the clinical staff to ensure successful implementation. Clinicians operate under very busy schedules with difficult demands on their time. An IHCS that makes their work easier or more efficient or expands the services they can offer would have greater potential for acceptance. 25 Alternatively, if clinicians believe that the benefit to their patients is significant, they may also have stronger motivation for system adoption.
CASE EXAMPLE: CHESS
First developed in 1989, CHESS is a noncommercial IHCS created by a multidisciplinary team of clinical, communication, and decision scientists at the University of Wisconsin. CHESS disease-focused modules aim to provide an integrated, user-driven system that combines information, communication, and interactive coaching tools to patients and caregivers facing a health crisis (e.g., cancer, heart disease, pediatric asthma). CHESS has been one of the most extensively studied IHCSs, having been (over its evolutions) the subject of numerous needs assessments, [45] [46] [47] [48] [49] [50] [51] randomized clinical trials, [52] [53] [54] [55] [56] and field tests. 57, 58 Studies have demonstrated that CHESS can be widely accepted and used, improves patient quality of life and information competence, and in some cases leads to more efficient health service use. [59] [60] [61] The new CHESS module, "Coping with Lung Cancer: A Network of Support" (CHESS-LC), moved CHESS in several new directions. Aside from being the first CHESS module addressing lung cancer, it was also one of the first to focus on advanced stage disease and end of life. Because of the severity of advanced-stage disease, particular focus was placed on supporting the caregiver as our primary target, rather than the patient. This module was one of the first to include the Clinician Report (CR) feature, allowing patients and caregivers to report their needs and patient symptom status to the clinical team via the Web site. CHESS-LC has expanded the social context addressed by CHESS; in addition to providing channels for communication among patients or between patients and an expert, CHESS now includes such channels for caregivers as well as communication with the oncology team and their own social support network of family and friends. This relationship is depicted in Figure 1 .
Forthcoming data from a randomized control trial of CHESS-LC has demonstrated benefits of CHESS-LC. Caregivers with access to CHESS-LC, in comparison with an Internet control group, experienced less caregiver burden and less negative mood 6 months after initial access. 62 A secondary analysis compared participants who received CHESS that included the CR with a subset of participants who had CHESS alone without the CR feature. The CR group demonstrated greater rates of improvement for symptoms reported as high (those that triggered a clinician alert for the CHESS+CR group). 63 For symptoms not triggering an alert, rates of improvement appear similar between the groups. Sending of the clinician alert for highly distressing symptoms appears to positively affect symptom burden, potentially by allowing earlier intervention than otherwise might have occurred. 64 Accordingly, such IHCSs have the potential to benefit patient and caregiver well-being through a variety of mechanisms.
CHESS Support for Decision Making
CHESS-LC integrates numerous services to provide patients and caregivers with information, communication, and coaching resources that can facilitate cancer and caregiving decision making. Table 1 lists and describes CHESS services according to these IHCS delivery routes. CHESS decision support services are based on a decision-making model adapted from Charles and others. 11 First, information must be brought to light demonstrating that options are available and therefore a choice, or decision, needs to be made. Next, identified options are deliberated upon, weighing preferences through evaluation of personal values and potential impact each option would have on those values. Based on this evaluation, one determines a preference and makes the decision. In extending this model, naturally once the choice is made, actions are necessary to implement the decision, and subsequently, evaluation of outcomes will suggest whether that decision had the desired outcome. If not, this information may bring to bear the need to reevaluate the decision, starting the process again with gathering information regarding options that are now available. CHESS facilitates decision making in 2 ways. Most directly, CHESS Decision Aids (described in Table 1 ; Coaching Services illustrated in Figure 2 ) walk the user through these decision-making and implementation steps. Less directly, but likely more comprehensively, the overall module is designed to facilitate patient and family caregiver engagement in their health care, including decision making.
Throughout CHESS, a number of services inform users about the disease and treatment options. The most direct are the information services, which provide resources describing the disease, treatment course and options, potential side effects, and other points of consideration. However, users also learn of options via communication services from peers who describe their treatment course and actions taken. The "Ask an Expert" service is available for more specific, detailed questions.
The information, communication, and coaching services all help users engage in deliberation and decision making. For example, "Discussion Group" and "Personal Stories" allow users to explore other patients' decision-making experiences, assisting users as they evaluate their own options and the potential consequences. Information services also address communication with the health care team, providing instruction in communication skills such as questions to ask before making a treatment decision. Furthermore, CHESS may facilitate shared decision deliberation by supporting communication between the patient and her or his social support network. Coaching services like "Healthy Relating" provide instruction on communication techniques for difficult discussions, such as end-of-life decision making. By providing the same information and support to family members, the system may encourage family participation at an equivalent level of knowledge and understanding. By understanding available options, potential outcomes, and one's own preferences, as well as those of one's clinician and caregiver, patients may be more fully engaged and better prepared to select the option most in line with their individual needs and values. Finally, "Easing Distress" (a coaching and training service) and the information services guide users in dealing with the emotional difficulties inherent in this difficult decision-making process.
Unlike decision aids that stop at the decision itself, CHESS also extends decision support to implementing and evaluating the decision. Once an option is chosen, users can find support in taking action to implement their choices, whether by developing a plan for change via "Action Plan" or getting support from others with "Discussion Group" or "Personal Website." The "Treatment Decision Aid" offers direct instruction on how to implement the decision, including coaching in talking with clinicians and family about the decision. Furthermore, the information services provide information relevant to the chosen option, which can help in preparing for next steps.
Finally, after the user acts on the decision, decision outcomes are evaluated based on personal progress. For decisions between treatment options, health status assessments can be important sources of clinical data for both the patient and the clinical team. Such data, as managed through the CR, may indicate to the clinical team that a treatment option may be causing problems or is ineffective, providing an early alert to examine new treatment options. The dynamic nature of cancer lends many decision opportunities across the illness trajectory. CHESS provides continuity as a single resource to enable the user to be fully engaged in care and decision making across the full cancer spectrum, including diagnosis, treatment, survivorship or end of life, and-for caregivers-bereavement.
CHESS Development
For the CHESS-LC Web site development, a comprehensive needs assessment approach was used involving a combination of individual and group Discussion groups Limited-access, facilitated online support groups for-separately-patients, caregivers, and bereaved caregivers Ask an expert Confidential expert responses to patient and caregiver questions Personal Web page Guidance for setting up a patient's own bulletin board and interactive calendar with family and friends to share updates and request help Clinician report Three types: On Demand gives a summary report on a patient to a clinician who logs into CHESS. Threshold Alert sends an e-mail notice to the clinician when the patient exceeds a threshold on a symptom. Clinic Visit Report sends an e-mail notice to the clinician 2 days before a patient's scheduled clinic visit, suggesting that the clinician look at the report.
Coaching and Training Services
Health status Prompts users to enter data and provides graphs showing how patient health status is changing Decision aids Helps patients and caregivers think through difficult decisions by learning about options, clarifying values, and understanding consequences, e.g., Treatment Decision Aid or Respite Decision Aid Easing distress Uses principles of cognitive-behavioral therapy to help patients and caregivers identify emotional distress and cope with it Healthy relating Teaches techniques to increase closeness and decrease conflict Action plan Guides patients and caregivers in building a plan for change, including identifying and overcoming obstacles interviews and a survey instrument. Interview data served as the foundation for the development of a survey instrument that could assess which needs were important at 10 specific events along the cancer trajectory, as well as caregiver bereavement. From the interviews we were able to generate and refine a list of 104 specific caregiver needs. Although importance ratings would have been ideal for each need item at each event, this would require 1040 rankings, which would have been far too burdensome for survey respondents. Therefore, to achieve a compromise between respondent burden and researcher assessment needs, we created a checklist that linked caregiver needs to specific illness events by asking whether they "wanted or would want information on" each individual need item at each of 10 key experiences of the cancer trajectory.
Although these data are not as rich as qualified ratings, the checklist allowed us to gather self-report of changes in needs over a variety of key cancer experiences. 65
CHESS Implementation
Although CHESS was implemented within the context of a clinical trial, we examined recruitment efforts, patient training benefits, and user feedback to lend insight into adoption issues relevant to other implementation contexts.
Recruitment. As a clinical trial, CHESS was introduced to patients and caregivers through individual in-person contacts. This method has been very successful with previous CHESS trials for early-stage breast cancer patients, where study recruitment rates were consistently at least 75%. 57 However, the recent advanced lung cancer caregiver study struggled with recruitment rates of only 56%. 66 This dramatic difference between these populations and types of studies sparked exploration of reasons for low recruitment in the lung cancer study. 66 When patients and caregivers declined study participation, they were routinely asked, "Would you mind telling us your reason for declining?" Openended responses often highlighted the computer as a barrier for 2 reasons. First, many were not familiar with using a computer and, in the midst of a health crisis, did not view the study as an opportunity for beginning use, even though one-on-one training was offered. This reluctance to use the technology may reflect an older patient population, as some clearly stated they were "too old" to take part in a computer study. In contrast, some individuals already used the Internet to learn about cancer and did not believe CHESS would offer any additional benefits. Still others believed they were getting all they needed from another source, particularly their physician. Although some resistance to technology may lessen as computers become further integrated into daily life and culture, the variety of resource preferences illustrates the importance of developing interventions that will appeal to the user's preferred format for receiving information and support resources (e.g., clinicians, pamphlets, video, computer, portable device).
User training. Although there is encouraging evidence that CHESS can produce positive outcomes, 53, 54, 67 it may not be enough to simply provide such resources. Training on the use of CHESS may be an important factor in maximizing benefits, particularly for those with lower literacy. 68 Recently, a study examined the impact of receiving CHESS system training on later CHESS use. 69 Of the 216 women participating in the CHESS breast cancer study, 136 women were trained (including introduction to the variety of CHESS services) via CHESS staff whereas 70 opted out of training. Participation in training predicted higher levels of CHESS use. Training potentially affects later system use in a variety of ways. First, it may help expose users to the full range of services that are available within an IHCS, here CHESS. Second, training may broadly increase users' competence in using such systems. Third, receiving personalized training may increase users' sense of connection to the system and its support staff, which motivates greater use of the IHCS.
This is an important finding in light of previous CHESS studies indicating that higher levels of use for some services is associated with improved outcomes. 50, 60 Additionally, some patterns of CHESS use, like more purposeful 48 or continuous use, 70 confer greater benefits than others. 54, 60, [71] [72] [73] Accordingly, if greater IHCS use and certain kinds of use lead to improved benefits, then training users to use the system in the most effective fashion may be a key element in generating intended IHCS benefits. However, training yields additional delivery costs, and the best amount of training to maximize IHCS benefit is not known. Further cost-benefit analysis as well as alternative methods for training should be evaluated to establish appropriate guidelines.
Clinicians' perspectives. In addition to addressing patient and caregiver needs, the CHESS CR service was designed to facilitate the clinicians' practice by establishing more effective communication regarding patient symptoms among patients, caregivers, and the clinical team. CHESS assesses patient health status upon a patient's and/or caregiver's first login within a week or on demand. Users rate 10 common cancer symptoms (e.g., pain, fatigue, depression, or loss of appetite) on a 10-point distress scale. If symptom distress is rated 7 or higher, CHESS instantly sends an e-mail to the clinical team. Data are also summarized and charted over time (see Figure 3) , and e-mail notices reminding the clinician that the CR is available are sent to the clinic team 2 days prior to the patient's scheduled clinic visit. In CHESS-LC development, clinicians participated in early development and prototyping to inform symptom selection and format for reports. Critical challenges of designing the CR are described by DuBenske and others. 64 In designing the CHESS CR service, where clinician adoption was an essential element, the designers highlighted flexibility to suit the needs of a variety of organizational structures. Clinicians were able to select which members of their clinical team received the e-mail alerts of patient symptom thresholds. Furthermore, although the design of the report was intended to provide easy access to detailed information through interactive Web links, clinicians were also able to print out reports for quick reference of general data or to possibly include in the patient's medical chart. Although this customizability of the system facilitated the implementation process, challenges existed in the inability to merge the CR with existing clinic practice guidelines, such as the existing electronic medical record (EMR) system or paper chart. Flexibility to meet individual settings' needs will likely increase system adoption. Accordingly, IHCS should be designed to be integrated seamlessly within existing medical record formats, using consistent and familiar data presentation and design features.
Despite staff, patient, and caregiver training on the CR and recognition of the potential merit in using the system, the ongoing promotion of the system to maintain enthusiasm for CR use was challenging. 64 Some clinicians indicated that the assessed symptoms were already frequently monitored at clinic visits, therefore limiting the usefulness of the CR. Accordingly, systems need to be designed around the needs of those they plan to serve, offering functionality that clearly fulfills a need. In this case, clinicians did participate in early needs assessments and offered these symptoms as key issues to track for their patients. However, it may not have been clear at the development and prototyping stages exactly how the CR would fit into the clinicians' practices to be able to predict what would be most useful to them. Using their current practice as a model for development may have restricted problem formulation and innovation, rendering a more duplicative rather than enhanced tool for their clinical practice.
Another factor limiting the usefulness of the CR was that clinicians perceived that the system as primarily used by caregivers rather than patients. 64 Although clinicians reported that being aware of both patient and caregiver perceptions had some merit, the clinicians were concerned with how to address caregiver reports that were not substantiated by the patient. One privacy issue that remains debated is whether to initiate patient contact based on information provided solely by the caregiver. However, given that advanced-stage patients may be suffering from severe symptoms that prohibit sitting at the computer to enter their information, involvement of the caregiver may be crucial for timely and necessary care. Innovative approaches are needed to overcome such hurdles to enhance cancer care.
CONCLUSION
IHCSs have the potential to serve as a single place for trusted information, decision support, supportive communication, and coaching across the disease continuum. But to create effective systems, developers of IHCSs need to be comprehensive in both their approach to content development and the content itself. A thorough needs assessment addressing all target users is critical: health care organizations that will adopt the systems, clinicians who will promote and interface with them, and patients and caregivers who will use them. Once these needs are understood, plans for systems to meet those needs can be designed. With the variety of technical devices and communication channels available, the type of technology used should be carefully considered. Content is also a critical element, and the technical device used may have implications for information volume and format. Both technology and content should be prototyped and/or tested for usability and fea sibility. Finally, implementation strategies should address the timing, personnel, and environmental factors involved, to ensure successful uptake and continued use of the IHCS. Early feedback from all interested parties can be effective in directing necessary adaptations to facilitate continued use and benefit from the IHCS.
